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a surface

(57)  Anapparatus for measuring a curvature of a sur-
face (1), comprising means for irradiating a first light
beam (S1), a second light beam (S2) and a third light
beam (S3) onto a surface (1) of a sample (12), a detector
(5) comprising at least one detector plane and being
adapted to detect a first position of the reflected first light
beam (S1), a second position of the reflected second
light beam (S2) and a third position of the reflected third
light beam (S3) in the at least one detector plane, means
for determining a first distance between the first position
of the first light beam (S1) and the third position of the
third light beam (S3) and a second distance between the
second position of the second light beam (S2) and the
third position of the third light beam (S3), and means for
determining a mean curvature of the surface from the
first distance and the second distance. The first light
beam (S1), the second light beam (S2) and the third light
beam (S3) are parallel to each other and the first light
beam (S1) is spaced apart from a plane defined be the
second light beam (S2) and the third light beam (S3).

Method and apparatus for real-time determination of curvature and azimuthal asymmetry of
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a method and
an apparatus for determining mean curvature of a rotat-
ing sample as well as curvature variations as a function
of the rotation angle of the sample. These samples typ-
ically are semiconductor wafers with epitaxial layers
grown on their surface and the apparatus is intended to
be applied during the epitaxial layer deposition.

2. Description of Related Art

[0002] During epitaxial growth of semiconductor wa-
fers the growth processes have to be monitored in de-
pendence of different parameters as, for example, the
growing layer thickness, the temperature, the doping
concentration, or the smoothness of the wafer surface.
Among others, an accurate measurement of the curva-
ture of the wafer is necessary because it correlates di-
rectly with the strain in the growing layers and indirectly
with the composition of these layers. In particular during
epitaxial thin-film growth on wafers in multi wafer reactors
it is necessary to determine permanently the curvature
ofthe wafer as exactly as possible in the shortest possible
time.

[0003] From U.S. Patent No. 7,505,150 a device is
known for the measurement of the curvature of a surface,
in which a light beam is split into two parallel light beams
of equal intensity by means of a birefringent element, and
a two-dimensional detector is employed for determining
the curvature of the surface, which is derived from the
distance between the positions of the two light spots re-
flected at the surface to be measured and detected on
the detector plane.

[0004] However, when determining the curvature of a
rotating semiconductor wafer in a reactor during epitaxial
growth, problems arise, due to the fact that real wafers
are usually not uniformly bent, but the curvature may vary
with the rotation angle, as depicted in Fig. 1, thereby lead-
ing to unwanted fluctuations in the curvature measure-
ments. By way of example, Fig. 2 shows two signal curves
measured for two samples having the same mean cur-
vature. However, the noise/signal ratio is much higher in
Fig. 2(a) than in Fig. 2(b) due to the greater rotational
asymmetry of sample (a), which causes signal fluctua-
tions between a maximum value (corresponding to L, of
Fig. 1) and a minimum value (corresponding to L, of Fig.
1). Moreover, if the epitaxial process is not adequately
controlled, defects may be generated and relaxation
processes may occur in the semiconductor wafers during
fabrication, which according to their symmetry may fur-
ther modify the rotational asymmetry of the sample.
[0005] Inparticular, inthe industrial production of white
and blue light-emitting diodes (LEDs) on sapphire sub-
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strates, the measurement of the wafer curvature during
the epitaxial growth has become a standard procedure,
which is aimed to keep the curvature as small as possible
by controlling the process in response to the measured
curvature. In this way, it is possible to compensate for a
uniform bending of the wafers, but not for an asymmet-
rical bending, which represents one of the principal caus-
es reducing the rate of yield.

[0006] Itis therefore an object of the present invention
to provide a method and an apparatus for a real-time
determination of the curvature of a rotating sample with
a higher accuracy in comparison to the prior art. In par-
ticular, a high noise/signal ratio of the measured signal
due to arotating sample having an azimuthal asymmetry
of the curvature shall be effectively suppressed.

[0007] Itis a further object of the present invention to
effectively determine a film relaxation of the sample
and/or the formation of defects on the sample, thus pro-
viding important parameters for controlling the fabrication
process.

SUMMARY OF THE INVENTION

[0008] Aspects of exemplary embodiments of the
present invention are directed to an apparatus for meas-
uring a curvature of a surface, comprising means for ir-
radiating a first light beam, a second light beam and a
third light beam onto a surface of a sample, a detector
comprising atleast one detector plane and being adapted
to detect a first position of the reflected first light beam,
a second position of the reflected second light beam and
a third position of the reflected third light beam in the at
least one detector plane, means for determining a first
distance between the first position of the first light beam
and the third position of the third light beam and a second
distance between the second position of the second light
beam and the third position of the third light beam, and
means for determining a mean curvature of the surface
from the first distance and the second distance. The first
lightbeam, the second light beam and the third light beam
are parallel to each other and thefirstlightbeamis spaced
apart from a plane defined be the second light beam and
the third light beam.

[0009] Accordingly itis possible to perform a real-time
determination of a mean curvature measured along two
different axes of the sample which significantly reduces
the noise influence. In a preferred embodiment it is pos-
sible to perform said real-time determination of a mean
curvature for a plurality of points in time and therefore -
with a rotating sample - for a plurality of azimuthal angles
of the two axes. From the plurality of determined mean
curvatures it is then possible to determine a mean cur-
vature averaged over the whole 360° angle of the rotating
sample.

[0010] In the sense of the present invention, the first,
second and third positions are understood as the posi-
tions of the centre of the spots, where the reflected first
light beam, the reflected second light beam and the re-
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flected third light beam, respectively, hit the detector
plane.

[0011] Preferably, the apparatus further comprises
means for determining a maximum deviation from the
determined (averaged) mean curvature. It was found that
a film relaxation of the sample and/or the formation of
defects on the sample can be effectively detected by de-
termining a maximum deviation (for a single measure-
ment along two axes or for a plurality of measurement
for different azimuthal angles of the two axes) of the de-
termined curvature values from the determined mean
curvature. Accordingly it is possible to detect more effi-
ciently the formation of defects and/or film relaxation of
the sample which allows enhanced process control.
[0012] Preferably, the apparatus further comprises
means adapted to control fabrication process parame-
ters for the sample according to the determined mean
curvature and/or according to the determined maximum
deviation from the mean curvature.

[0013] Preferably, the means for irradiating the first,
second and third light beams comprises a light source
for irradiating a single light beam, a first birefringent ele-
ment arranged between the light source and the surface
of the sample such that the light beam of the light source
passes through the first birefringent element and oriented
with respect to the light beam of the light source such
that the light beam is split up into at least a first partial
beam and an intermediate partial beam, and a second
birefringent element arranged between the first birefrin-
gent element and the surface of the sample such that
only the intermediate partial beam passes through the
second birefringent element and oriented with respect to
the first birefringent element such that the intermediate
partial beam is further split up into a second partial beam
and a third partial beam. Preferably, the first light beam,
the second light beam and the third light beam are par-
allel, have substantially the same intensity and their
cross-section pattern forms a rectangular triangle.
[0014] Preferably, the sample comprises a diameter
ranging between 50-150 mm. Preferably, the distance
between the light beams before reflection at the sample
surface ranges between 0.5 and 5 mm.

[0015] Preferably, the means for irradiating the first,
second and third light beams is positioned such to irra-
diate the first light beam, the second light beam and the
third light beam onto the surface of the sample along an
axis having an angle of equal to or less than 10° with
respect to the surface normal of the sample. More pref-
erably, the means for irradiating the first, second and
third light beams is positioned such to irradiate the first
lightbeam, the second light beam and the third light beam
perpendicularly to the surface of the sample.

[0016] Preferably, the projections of the minimum dis-
tances between the first light beam, the second light
beam and the third light beam onto a plane having a
normal vector parallel to the first, second and third light
beams form a right-angled triangle.

[0017] Preferably, the means for irradiating the first,
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second and third light beams is positioned such to irra-
diate one of the first, second and third light beams onto
the centre of the surface of the sample. Accordingly, the
mean curvature is averaged over the azimuth of the cen-
tre of the sample surface. Alternatively it is also possible
to determine a mean curvature being averaged over the
azimuth for a portion of the sample being different to the
centre of the sample. Alternatively, it is also possible to
determine the respective curvature with even higher ac-
curacy by averaging over all samples in a multi-wafer
reactor.

[0018] According to another preferred embodiment it
is possible to radially scan the incident light beams from
the centre to the periphery of the sample surface, and -
beneath determining a mean curvature which is aver-
aged over the azimuth - to further determine a mean cur-
vature which is averaged over the radius and over the
azimuth of the sample. In this aspect it is furthermore
preferred to determine a maximum deviation from the
determined mean curvature for different radii and to use
these data for process control.

[0019] Further aspects of exemplary embodiments of
the present invention are directed to a method for meas-
uring a curvature of a surface. The method comprises
the steps of irradiating a first light beam, a second light
beam and a third light beam onto a surface of a sample,
wherein the first light beam, the second light beam and
the third light beam are parallel to each other and the first
light beam is spaced apart from a plane defined be the
second light beam and the third light beam, detecting -
by a detector comprising at least one detector plane - a
first position of the reflected first light beam, a second
position of the reflected light second beam and a third
position of the reflected third light beam in the at least
one detector plane, determining a first distance between
the first position of the first light beam and the third po-
sition of the third light beam and determining a second
distance between the second position of the second light
beam and the third position of the third light beam, and
determining a mean curvature of the surface from the
first distance and the second distance.

[0020] Preferably, the method further comprises the
step of determining a maximum deviation from the de-
termined mean curvature of the sample surface based
on the determined first distance and the determined sec-
ond distance.

[0021] Preferably, the method further comprises the
step of controlling fabrication process parameters for the
sample according to the determined mean curvature
and/or according to the determined maximum deviation
from the mean curvature.

[0022] Preferably, the projections of the initial distanc-
es between the first light beam, the second light beam
and the third light beam onto a plane having a normal
vector parallel to the first, second and third light beams
form a right-angled triangle.

[0023] Preferably, the first, second and third light
beams have the same intensity and/or the first, second
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and third light beams are irradiated along an axis having
an angle of equal to or less than 10° with respect to the
surface normal of the sample. More preferably, the first,
second and third light beams are irradiated perpendicu-
larly to the surface of the sample.

[0024] Preferably, the sample has a circular shape and
one of the first, second and third light beams is irradiated
onto the centre of the sample.

[0025] Moreover, the sample may be a rotating sample
and the first distance and the second distance may be
measured with a sampling speed corresponding be-
tween 4 to 20 times the rotation speed of the sample.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description,
serve to explain the principles of the present invention.

FIG. 1 shows an exemplary rotating, circular sample
exhibiting different curvature radiiry and r, along two
cross-section lines L4 and L, having different azi-
muthal angles ¢ with respect to a given fixed refer-
ence line through the centre of the sample;

FIG. 2 shows two exemplary signal curves as ob-
tained by conventionally measuring a curvature of
two rotating samples having the same mean curva-
ture but different azimuthal/rotational asymmetry;

FIG. 3 is a schematic section of an apparatus for the
measurement of the curvature of a sample surface
for non-normal incidence of the light beams accord-
ing to an aspect of the present invention;

FIG. 4 is a schematic section of an apparatus for the
measurement of the curvature of a sample surface
for perpendicular incidence of the light beams ac-
cording to another aspect of the present invention;

FIG. 5is a schematic sketch (front-view to the optical
elements) of a first birefringent element, a second
birefringent element and the cross-section patterns
and polarization directions of the resulting three
beams according to an aspect of the present inven-
tion;

FIG. 6 shows the variations of the two components
of the curvature measured during a 360° rotation of
the sample, and

FIG. 7 shows characteristic curves for the mean cur-
vature and for the maximum deviation from the mean
curvature measured during epitaxial growth of
AlGaN on a GaN/Sapphire sample according to the
method of the present invention.
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DETAILED DESCRIPTION

[0027] In the following detailed description, only cer-
tain exemplary embodiments of the present invention are
shown and described, by way of illustration. As those
skilled in the art would recognize, the invention may be
embodied in many different forms and should not be con-
strued as being limited to the embodiments set forth here-
in.

[0028] Fig. 3 shows a schematic section of an appa-
ratus according to the invention for the measurement of
the curvature of a sample surface 1 for non-normal inci-
dence of the light beams S1, S2 and S3. The skew inci-
dence may for example be necessary because the space
straight above the sample surface 1 may be occupied by
a device for the determination of characteristic layer pa-
rameter, for example a reflection analysis unit 15. Alter-
natively, Fig. 4 shows a schematic section of a device
according to another embodiment of the invention for the
measurement of the curvature of a sample surface for
perpendicular incidence of the light beams S1, S2 and
S3.

[0029] In the following, the apparatus depicted in Fig.
3 will be described. A semiconductor laser 2 generates
a light beam 3, which is firstly guided through a filter 11
and a lens 24 into a first birefringent element P1. The
main axis (respectively one of the main axes) of the first
birefringent element P1 is oriented with respect to the
light beam 3 in such a way that the light beam 3 is split
up into two partial beams, hereafter addressed to as first
light beam S1 and intermediate beam S’, whereas after
leaving the first birefringent element P1 the partial beams
S1and S’ are guided in a parallel way. The intermediate
beam S’ leaving the first birefringent element P1 is then
guided into a second birefringent element P2. The main
axis (respectively one of the main axes) of the second
birefringent element P2 is oriented with respect to the
main axis of the first birefringent element P1 in such a
way that the intermediate beam S’ is further split up into
two partial beams, hereafter addressed to as second and
third light beams S2 and S3, whereas the first light beam
S1, the second light beam S2 and the third light beam
S3 are guided in a parallel way.

[0030] The first and second birefringent elements P1
and P2 preferably comprise planar faces for light-en-
trance and -exit. Furthermore the main axis of the first
birefringent element P1 is oriented with respect to the
incident light beam 3 (taking into account the polarisation
of the light beam 3) and the main axis of the second
birefringent element P2 is oriented with respect to the
first birefringent element P1 in such a way, that the first
light beam S1, the second light beam S2 and the third
lightbeam S3 have the same or nearly the same intensity.
Accordingly a cheap detector 5 with a limited dynamic
range can be used, as the first, second and third light
beams S1, S2 and S3 which have to be detected at the
detector 5 have approximately the same intensity. Pref-
erably, by using a pulsed light-source with the pulse-
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length adjustable to the reflectance of the sample, the
time-averaged intensity of all three light beams can be
kept within the limited dynamic range of detector 5 even
for changing reflectance of surface 1. By means of a first
tilted mirror 18 the first, second and third light beams S1,
S2 and S3 are guided onto the sample surface 1, at which
they are at least partially reflected and thereafter guided
to the detector 5, which can for example be designed as
a CCD-array, by a second tilted mirror 18 and a filter 13.
The filter 11 serves for the suppression of unwanted
emissions of the light source 2 and the filter 13 serves
for the suppression of the thermal radiation of the sample
12.

[0031] Fig. 5 shows a schematic section of the first
birefringent element P1 and the second birefringent ele-
ment P2, according to an exemplary embodiment of the
present invention. The light beam emitted from the light
source enters the first birefringent element P1 perpen-
dicularly and is split up in two partial beams S1 and S’ -
the ordinary partial beam and the extraordinary partial
beam - by the first birefringent element P1. The distance
between the ordinary and extraordinary partial beams
after leaving the first birefringent element P1 is deter-
mined by the thickness (and the material) of the first bi-
refringent element P1. By way of example, the first bire-
fringent element P1 may have a length of 27.7mm cor-
responding to a distance of 3.0mm between the partial
beams. One of the two partial beams S’ leaving the first
birefringent element P1 is further split up in two parallel
partial beams S2 and S3 by the second birefringent ele-
ment P2, while the other one of the two partial beams,
hereafter addressed to as the first light beam S1, leaving
the first birefringent element P1 is not passing through
the second birefringent element P2. After leaving the sec-
ond birefringent element P2, the second light beam S2
and the third light beam S3 are parallel to the first light
beam S1 exiting from the first birefringent element P1.
In FIG. 5 the second birefringent element P2 is oriented
with a tilt angle of 45° with respect to the first birefringent
element P1, so that the direction of the first light beam
S1 does not lie on the plane generated by the directions
of the second and third light beams S2 and S3. Further-
more, a length of 38.8mm may be chosen for the second
birefringent element P2, which results in a distance of
4.2mm between the second light beam S2 and the third
light beam S3 emitted by the second birefringent element
P2, which corresponds to the hypotenuse of a right tri-
angle, having the other two sides corresponding to the
distance between the first and second light beams and
to the distance between the first and third light beams,
respectively (both 3.0mm in the example illustrated in
Fig. 5). In this case, the projections of the initial (after
leaving P1, P2) distances between the first light beam
S1, the second light beam S2 and the third light beam
S3 may form a right-angled triangle. The first and second
birefringent elements P1 and P2 may have a section area
of 8mm x 8mm and an overall length of 66.5mm.
[0032] The first, second and third light beams S1, S2
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and S3 are then irradiated onto the sample surface 1 and
reflected toward a detector plane of the detector 5. The
detector 5 registers the positions of the spots (i.e. the
centre of the spots) where the reflected first, second and
third light beams S1, S2 and S3 hit the detector plane.
From these positions a first distance d1 between the re-
flected first light beam S1 and the reflected second light
beam S2 and a second distance d2 between the reflected
first light beam S1 and the reflected third light beam S3
can be calculated.

[0033] In case the sample surface 1 exhibits a convex
shape, the first distance d1 and the second distance d2
at the detector 5 will be larger than the corresponding
initial distances before hitting the sample surface 1. On
the contrary, the first distance d1 and the second distance
d2 atthe detector 5 will be smaller than the corresponding
initial distance if the sample surface 1 has a concave
shape. Via the known parameters (distance between the
light beams at the sample surface 1, distance between
the reflected light beams at the detector 5 and distances
and angles of the sample surface 1 with respect to the
mirror 18 and to the detector 5) a curvature value C, for
the first distance d1 (extending along an axis from S1 to
S2) and a curvature value C, for the second distance d2
(extending along a perpendicular axis from S1 to S3) can
be calculated, which preferably is carried out by a device
for data processing (not shown).

[0034] In particular, the measurement of a first dis-
tance d1 and a second distance d2 allows obtaining two
curvature values along two different azimuthal axes - i.e.
for two different values of the azimuthal angle ¢ - at the
same time. A mean value C,,, may therefore be ob-
tained at any time by averaging over the two values C,
and C,. Since the asymmetrical component of the cur-
vature varies with the rotation angle ¢ with a period of
180°, ifthe distances between the light beams at the sam-
ple surface 1 - corresponding to first and second distanc-
es on the detector plane - are set perpendicularly to each
other, the fluctuations of the asymmetrical component in
C,and Cy, which are shifted of a 90° angle, will compen-
sate.

[0035] Fig. 6 shows the two components of the curva-
ture C, and C, measured during a 360° rotation of the
sample. C, and C, are calculated from the first distance
d1 between the first and second beam (x-component)
and from the second distance d2 between the first and
third beam (y-component), respectively, and they behave
like harmonic oscillations shifted of a 90° angle with re-
spect to one another. A mean curvature value can be
calculated at any measuring time as C,g5n=( Cy + C,)/
2, while the maximum deviation from the mean curvature
due to azimuthal asymmetrical fluctuations can be ob-
tained analyzing the values of the x and y components
during a 360° rotation of the sample or by analysing C,y=|
(X2,Y2)-(x3,y3)| with respect to C, and Cy.

[0036] Fig. 7 shows characteristic curves for the mean
curvature and for the maximum deviation from the mean
curvature measured during epitaxial growth of AlGaN on
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a GaN/Sapphire sample according to the method of the
present invention. Since the azimuthal-symmetrical
(mean curvature) and azimuthal-asymmetrical (maxi-
mum deviation from the mean curvature) components of
the curvature are separated, we can clearly see at about
5000s that the asymmetrical component of curvature in-
creases during growth of films with high tensile stress,
thus hinting at the formation of defects and representing
an early warning signal for later film relaxation. Surpris-
ingly it was found that this asymmetric component of cur-
vature does not show any correlation with composition
of the growing films, in contrast to the symmetrical com-
ponent of the curvature. Therefore, the increasing "max-
imum deviation" at 5000s in Fig.7 clearly indicates defect
generation while the reduced slope of "mean curvature”
at 5000s could be due either to composition changes or
to defect generation. Hence, only the "maximum devia-
tion" component of curvature signal is a good early warn-
ing signal for subsequent strain-induced film relaxation.
[0037] The main idea of the invention is to provide a
method and an apparatus for determining the curvature
of a rotating sample in real time (during fabrication proc-
esses) with a high signal-to-noise ratio and to separate
the azimuthal asymmetric component in the curvature
from the mean curvature value by irradiating the sample
surface with three parallel light beams arranged in an
ortho-triangular pattern.

[0038] The determination of the mean curvature is an
important parameter for controlling the fabrication proc-
ess, thus to minimize the bending of the sample surface.
Moreover, the determination of the asymmetrical fluctu-
ations provides essential information for preventing the
formation of defects and film relaxation during epitaxial
growth.

REFERENCE SIGN LIST

[0039]

1 surface

2 light source
3 light beam
5 detector

11 filter

12 sample

13 filter

15  reflection-analysis unit

18  tilted mirror

19  partially transmitting mirror
24 lens

P1  first birefringent element

P2  second birefringent element
S’ intermediate beam

S1  first light beam

S2  second light beam
S3  third light beam
[0} rotation angle/azimuthal angle
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Claims

1. Apparatus for measurement of a curvature of a sur-
face (1), comprising:

means adapted for irradiating a first light beam
(S1), a second light beam (S2) and a third light
beam (S3) onto a surface (1) of a sample (12),
wherein the firstlight beam (S1), the second light
beam (S2) and the third light beam (S3) are par-
allel to each other and the first light beam (S1)
is spaced apart from a plane defined be the sec-
ond lightbeam (S2) and the third lightbeam (S3);
a detector (5) comprising at least one detector
plane and being adapted to detect a first position
of the reflected first light beam (S1) in the at least
one detector plane, a second position of the re-
flected second light beam (S2) in the at least
one detector plane and a third position of the
reflected third light beam (S3) in the at least one
detector plane;

means adapted to determine a first distance be-
tween the first position of the first light beam (S1)
and the third position of the third light beam (S3)
and adapted to determine a second distance be-
tween the second position of the second light
beam (S2) and the third position of the third light
beam (S3);

means adapted to determine a mean curvature
of the surface (1) from the first distance and the
second distance.

2. Theapparatus according to claim 1, further compris-
ing means adapted to determine a maximum azi-
muthal curvature deviation from the determined
mean curvature.

3. Theapparatus according to claim 2, further compris-
ing means adapted to control fabrication process pa-
rameters for the sample (12) according to the deter-
mined mean curvature and/or according to the de-
termined maximum azimuthal curvature deviation
from the mean curvature.

4. Theapparatus according to any one of the preceding
claims, wherein the means forirradiating the first light
beam (S1), the second light beam (S2) and the third
light beam (S3) comprises:

a light source (2) for irradiation of an initial po-
larized, unpolarized or partially polarized single
light beam (3),

a first birefringent element (P1) and a second
birefringent element (P2) arranged between the
light source (2) and the surface (1) of the sample
(12) such that the light beam (3) of the light
source (2) passes through the first birefringent
element (P1),
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wherein the main axis of the first birefringent el-
ement (P1) is oriented with respect to the light
beam (3) of the light source (2) such that the
light beam (3) is split up into at least a first partial
beam (S1) and an intermediate partial beam
(S’), and

wherein the second birefringent element (P2) is
arranged such that only the intermediate partial
beam (S’) passes through the second birefrin-
gent element (P2),

wherein the main axis of the second birefringent
element (P2) is oriented with respect to the first
birefringent element (P1) such that the interme-
diate partial beam (S’) is further split up into a
second partial beam (S2) and a third partial
beam (S3).

The apparatus according to any one of the preceding
claims, wherein the first light beam (S1), the second
light beam (S2) and the third light beam (S3) have
substantially the same intensity.

The apparatus according to any one of the preceding
claims, wherein the means for irradiating the first,
second and third light beams (S1, S2, S3) is posi-
tioned such to irradiate the first light beam (S1), the
second light beam (S2) and the third light beam (S3)
along an axis having an angle of equal to or less than
10° with respect to the surface normal of the sample
(12).

The apparatus according to any one of the preceding
claims, wherein the projections of the minimum dis-
tances between the first light beam (S1), the second
light beam (S2) and the third light beam (S3) onto a
plane having a normal vector parallel to the first, sec-
ond and third light beams (S1, S2, S3) form a right-
angled triangle.

The apparatus according to any one of the preceding
claims, wherein the means for irradiating the first,
second and third light beams (S1, S2, S3) is posi-
tioned such to irradiate one of the first, second and
third light beams (S1, S2, S3) onto the centre of the
surface (1) of the sample (12).

Method for measurement of a curvature of a surface
(1), comprising:

irradiating a first light beam (S1), a second light
beam (S2) and a third light beam (S3) onto a
surface (1) of a sample (12), wherein the first
light beam (S1), the second light beam (S2) and
the third light beam (S3) are parallel to each oth-
er and the first light beam (S1) is spaced apart
from a plane defined be the second light beam
(S2) and the third light beam (S3);

detecting, by a detector (5) comprising at least

10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

14.

15.

one detector plane, a first position of the reflect-
ed first light beam (S1) in the at least one detec-
tor plane, a second position of the reflected light
second beam (S2) in the at least one detector
plane and a third position of the reflected third
lightbeam (S3) in the atleast one detector plane;
determining a first distance between the first po-
sition of the first light beam (S1) and the third
position of the third light beam (S3) and deter-
mining a second distance between the second
position of the second light beam (S2) and the
third position of the third light beam (S3); and

determining a mean curvature of the surface (1)
from the first distance and the second distance.

The method of claim 9, further comprising the step
of determining a maximum azimuthal curvature de-
viation from the determined mean curvature of the
sample surface (1) based on the determined first dis-
tance and the determined second distance.

The method of claim 10, further comprising the step
of controlling fabrication process parameters for the
sample (12) according to the determined mean cur-
vature and/or according to the determined maximum
azimuthal curvature deviation from the mean curva-
ture.

The method according to any one of claims 9 to 11,
wherein the projections of the minimum distances
between the first light beam (S1), the second light
beam (S2) and the third light beam (S3) onto a plane
having a normal vector parallel to the first, second
and third lightbeams (S1, S2, S3) form aright-angled
triangle.

The method according to any one of claims 9 to 12,
wherein the first, second and third light beams (S1,
S2, S3) have the same intensity and/or wherein the
first, second and third light beams (S1, S2, S3) are
irradiated along an axis having an angle of equal to
or less than 10° with respect to the surface normal
of the sample (12).

The method according to any one of claims 9 to 13,
wherein the sample (12) has a circular shape and
one of the first, second and third light beams (S1,
S2, S3) is irradiated onto the centre of the sample
(12).

The method according to any one of claims 9 to 14,
wherein the sample (12) is a rotating sample and the
first distance and the second distance are measured
with a sampling speed which corresponds between
4 to 20 times the rotation speed of the sample (12).
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